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a b s t r a c t
Background: Surgical treatment of odontoid fractures with posterior C1/C2 fusion always
leads to severe limitations in mobility of the cervical spine and head.
Purpose: To assess the mobility of the cervical spine in patients treated with various surgical
methods after an axis body fracture.
Material and methods: A group of 61 subjects receiving surgical treatment in a group of 214
subjects treated for odontoid fractures at one ward of neurosurgery at a regional hospital.
Studies also included odontoid peg and Hangman fractures. The range of motion of the head
was compared to standards by the International Standard Orthopedic Measurements (ISOM)
and to head mobility in a control group of 80 healthy subjects without any pathologies or
complaints associated with the cervical spine. Ranges of motion were measured with the
CROM goniometre with regard to ﬂexion, extension, right and left lateral ﬂexion and right
and left rotation. The functional status was evaluated with Neck Disability Index (NDI)
standard questionnaires indicated for patients with cervical spine pain.
Results: Except for ﬂexion and extension, patients after odontoid fractures had a statistically
signiﬁcantly smaller range of motion of the cervical spine in all planes compared to the
control group and ISOM standards.
Conclusions: Odontoid fractures lead to limitations in mobility of the cervical spine even after
treatment with methods that in theory should preserve the C1/C2 mobility.
© 2017 Published by Elsevier Sp. z o.o. on behalf of Polish Neurological Society.
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Depending on a surgical method treatment of odontoid
fractures includes permanent exclusion of at least one* Corresponding author at: Institute of Physiotherapy, Medical Faculty
E-mail address: wolan.a@gmail.com (A. Wolan-Nieroda).
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0028-3843/© 2017 Published by Elsevier Sp. z o.o. on behalf of Polish Nsegment of the upper cervical spine from the range of motion.
As C1/C2 and C0/C1 segments are responsible for nearly half of
total axial rotation, ﬂexion and extension of the head,
consequences of fusion in the upper section of the cervical
spine include severe limitations in mobility of the head [1]. of University of Rzeszów, Poland.
eurological Society.
Table 2 – Treatment of odontoid peg fractures.
Treatment modality Number of cases
Surgical 118
Conservative 28
Spontaneous fusion without treatment
(neglected cases)
3
Early in-hospital death 3
Total 152
Table 3 – Treatment of Hangman fractures.
Treatment modality No. of cases
Total 45
Surgical (C2/C3 anterior fusion) 38
Conservative 7
Table 4 – Treatment of C2 body fractures.
Treatment modality No of cases
Total 17
Surgical (C2/C3 anterior fusion) 5
Conservative 12
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C2/C3 segment, and they are greater in the case of atlantoaxial
or occipitocervical area [2]. The more distally craniospinal
fusion reaches the greater reduction of the cervical spine
mobility can be observed [3–6]. Based on our clinical observa-
tions, limitations in mobility of the head are present in
patients operated on with selective odontoid peg fusion. It is
surprising to observe because in theory this method preserves
the mobility of the upper section of the cervical spine and of
subaxial spine segments. Because of such observations a
decision was made to review the mobility of the cervical spine
more precisely in all patients receiving surgical treatment due
to odontoid fractures. Another assumption to start studies is a
low number of reports regarding spine mobility after odontoid
fractures in literature [7–11].
2. Purpose
Objectives of the studies were as follows:
(i) evaluation of the range of motion of the cervical spine in
patients receiving surgical treatment because of odontoid
fractures and a comparison of these ranges to ISOM
physiological standards and results from the control group
including healthy subjects
(ii) evaluation of the range of motion of the cervical spine
depending on a surgical technique used
3. Material and methods
3.1. Participants
The study group was recruited from a group of 214 subjects
treated for odontoid fractures at a ward of neurosurgery at a
large regional hospital in the period 2004–2012. This series of
cases included 152 odontoid peg fractures, 45 Hangman
fractures and 17 odontoid body fractures (Table 1). Surgical
treatment was applied in the majority of these fractures, and
the remaining cases received conservative treatment (Tables
2–4). The incidence of synostosis depended on the type of
treatment and applied surgical technique as well as the
patient's age (Tables 5–7).
61 patients from the whole group of 214 subjects were
enrolled into the study regarding head mobility. They had to
meet the following inclusion criteria:
1. isolated odontoid fracture without accompanying fractures
in the upper and subaxial segment of the cervical spine.Table 1 – Odontoid fractures between 2002 and 2012.
Fracture type Number of cases
Odontoid peg 152
Hangman 45
C2 vertebral body 17
Total 2142. observed bony union of the odontoid fracture documented
by a computed tomography scan.
3. minimum 2 years of follow-up.
A bony union was evaluated with bone windows of
computed tomography in three reconstructions (transverse,
sagittal and frontal). A bony union was conﬁrmed when there
were bony bridges in at least one of three reconstructed planes.
ll study participants had been informed about the objective of
the study and had given their consent for participation before the
study started. The study plan was approved by the Bioethics. The
study group included 19 women and 42 men. The mean age of
patients was 49.2  18.3 years (18–80 years). 50.8% of patients
with odontoid peg fractures were operated on with the use of a
direct odontoid screw, 49.2% with posterior selective atlantoaxial
fusion (Table 8).
The control group included 80 subjects (46 women and 34
men) without a clinically diagnosed disease of the cervical
spine and without any complaints of this section. This group
was matched to the study group with regard to the age. The
mean age was 48.6  17.5 years (range 19–79 years).
3.2. Measurements
The examination of the range of motion of the cervical spine
was performed with the CROM (Cervical Range of Motion)
goniometre using the SFTR protocol (measurements in the
sagittal, frontal and transverse planes, and in axial rotation).
Ranges of motion in the study group were compared to the
ranges in the control group and to the ranges of motion of the
cervical spine according to ISOM (International Standard
Orthopedic Measurements). Standards were prepared by ISOM
using a group of 1000 healthy subjects [7]. All measurements
were performed in a sitting position, with the back supported
and the head in the Frankfurt plane [11,12].
Table 5 – Bony union achieved after surgical treatment of odontoid peg fracture.
Number of patients Bony union Non-union Stability at the fusion site Unstable at the fusion site
Total (84) 90.5% 9.5% 96.5% 3.5%
Geriatric >65 yrs (19) 79% 21% 100% 0%
Odontoid screw 86% 14% 96% 4%
Odontoid screw geriatric 89% 11% 100% 0%
Posterior fusion 94% 6% 100% 0%
Posterior fusion geriatric 70% 30% 100% 0%
Posterior screws 100% 0% 100% 0%
Laminar hook/rod 82% 18% 100% 0%
Laminar hook/rod non-geriatric 93% 7% 100% 0%
Laminar hook/rod geriatric 70% 30% 100% 0%
Table 6 – Bony union achieved in conservatively managed
patients with Type II and III odontoid peg fractures.
Number of
patients
Bony union Non-union Stability at
the fusion
site
Unstable
at the
fusion site
Total (26) 85% 15% 88% 12%
Geriatric
>65 yrs (3)
1 case
(Type II)
2 cases
(1 Type II,
and 1
Type III)
2 cases 1 case
Table 7 – Bony union after treatment of Hangman
fractures.
Number of
patients
Bony
union
Non-union Stability
at the
fusion site
Unstable
at the
fusion site
Total 45 100% 0% 100% 0%
Surgical
(C2/C3
anterior
fusion)
100% 0% 100% 0%
Conservative 100% 0% 0% 0%
Table 8 – Characteristics of a group with regard to a type
of a surgery.
Type of operation Study group
N %
Posterior C1/C2 fusion 30 49.2%
Direct odontoid screw 31 50.8%
Total 61 100.0%
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Index (NDI) standard questionnaires indicated for patients
with cervical spine pain. This scale measures the quality of
physical functioning, namely the quality of life according to
the patient's subjective opinion. It includes questions about
ten aspects of daily functioning divided into the following
areas: pain intensity, independence in everyday activities,
lifting objects, reading, headache, concentration, work, driv-
ing, sleeping and recreation. In each section a subject can
select one out of ﬁve responses with scores from 0 to 5 points.Based on answers to these questions it is possible to assess
patient's functioning during individual daily life activities, and
a score is presented on the scale between 0 and 5. The sum of
points from all questionnaire sections may be between 0 and
50. Results obtained may be also presented as percentage
between 0 (0 points) and 100% (50 points). The higher the total
sum is the worse the quality of life and physical dysfunction
are. Values belonging to 0–19% indicate no disability, 20–39% –
mild disability, 40–59% – moderate disability, 60–79% – severe
disability, whereas the compartment 80–100% indicates
complete disability, limited motor functions causing a patient
to remain in a lying position due to pain [13,14].
3.3. Data and statistical analysis
The statistical analysis was performed in the Statistica 10.0
software. The W Shapiro–Wilk test was used to assess whether
distributions were normal, and the Levine test was used to
assess homogeneity of variance. The following non-paramet-
ric tests were used in the study: Mann–Whitney test and Anova
by Kruskal–Wallis. The last test was supplemented with a post
hoc test (test of multiple comparisons) in cases where
statistically signiﬁcant correlations had been observed. The
t-Student test was used to compare results obtained for the
range of motion of the cervical spine with general standards.
The comparison of the ranges of motion in the study and
control groups was performed with the Z test. A result of a
statistical test of p < 0.05 was assumed as statistically
signiﬁcant.
4. Results
Tables 9 and 10 show ranges of motion of the cervical spine in
each out of six main planes. Table 9 shows a comparison of
ranges of motion in the study group and physiological ranges
of motion of the cervical spine according to ISOM. Table 10
shows ranges of motion in the study group compared to ranges
of motion in the control group.
When ranges of motion of patients were assessed taking
into account ISOM standards the greatest reduction of mobility
regarded lateral ﬂexion, axial rotation and ﬂexion/extension,
in that order. Differences between ranges of motion in the
study group and ISOM standards were statistically signiﬁcant
in all planes except for ﬂexion and extension. In general,
ranges of motion of the cervical spine in surgical patients were
Table 9 – Comparison of physiological ranges of motion of the cervical spine according to ISOM and ranges of motion in the
study group.
Range of motion [CROM] Study group N = 61 ISOM norm P
xÅ Me Min Max sd t p
Flexion 36.7 38.0 5.0 70.0 17.6 40 1.46 0.1478
Extension 42.1 40.0 0.5 75.0 18.7 40 0.86 0.8610
Left lateral bending 25.2 20.0 0.0 70.0 14.4 45 10.74 0.0000***
Right lateral bending 23.8 20.0 5.0 60.0 14.0 45 11.86 0.0000***
Left axial rotation 38.9 38.0 5.0 90.0 19.1 50 4.53 0.0000***
Right axial rotation 39.7 35.0 5.0 90.0 20.4 50 3.93 0.0004***
t – result of Student's t-test. p – signiﬁcance level, maximum probability of error. xÅ– arithmetic mean of range of motion expressed in degrees.
sd – standard deviation.
Table 10 – Regarding ranges of motion of the spine in the study group and control group.
Range of motion [CROM] Study group Control group P
xÅ sd xÅ sd z p
Flexion 36.7 17.6 56.1 10.4 6.38 0.0000
Extension 42.1 18.7 69.0 17.6 7.03 0.0000
Left lateral bending 25.2 14.4 42.9 10.9 6.98 0.0000
Right lateral bending 23.8 14.0 43.1 9.6 7.39 0.0000
Left axial rotation 38.9 19.1 68.3 13.2 7.86 0.0000
Right axial rotation 39.7 20.4 68.8 12.4 7.56 0.0000
z – normal distribution, z test result, p – signiﬁcance level, maximum risk probability of an error.
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ISOM standards.
These differences were greater regarding ranges of motions
measured in the control group. The ranges of motion in the
study group were between 55% and 75% of the mobility in
healthy subjects in the control group. When comparing a range
of motion in the study group treated with a direct odontoid
screw and ISOM standards signiﬁcant differences were
observed for lateral ﬂexion. In patients operated on with
posterior C1/C2 fusion differences were statistically signiﬁcant
in all planes except for extension (Table 11).
Table 12 shows a range of motion of the spine in degrees
(median) for all treatment methods and all planes. These
values were compared to ranges of motion in the control
group. An asterisk indicates statistically signiﬁcant differ-
ences. Table 12 shows which method had the greatest and the
lowest effects on the range of motion of the cervical spine.
Study groups were different only with regard to rotation. A
better range of motion is observed in patients operated on with
a direct odontoid screw compared to those treated with
posterior C1/C2 fusion. On the other hand, surgical patients
showed a signiﬁcantly smaller range of motion compared to
healthy subjects, irrespective of a surgical intervention used.
The NDI questionnaire was used to assess patients'
functioning in the everyday life. Subjects reported the largest
complaints about cervical spine pain and lack of a possibility to
lift heavy objects. Patients felt discomfort when performing
work activities, driving, and they also reported headache. They
scored 8.3 points out of 50 possible points, on average. The
mean quality of functioning expressed in percentage was
16.6%, and it indicates low limitations regarding functionalskills. When analysing a correlation between the range of
motion of the cervical spine and a grade of disability of
subjects it was demonstrated that the range of motion of the
cervical spine in each plane in CROM measurement was
correlated with the NDI score. The lower the range of motion of
the cervical spine was the higher the NDI score was. The
greatest correlation (0.4) was observed for lateral ﬂexion and
rotation (Table 13).
5. Discussion
With regard to current literature, a number of reports
regarding the range of motion of the cervical spine in patients
receiving surgical treatment after odontoid fractures is low [5–
9]. Literature shows numerous reports regarding mobility of
the cervical spine in pain syndromes of the spine due to
degenerative diseases, but there are only few studies regarding
patients treated after odontoid traumas [15–24]. It is surprising
because with regard to surgical treatment of odontoid
fractures it is often the objective of surgery to make the upper
section of the cervical spine stiff. Except for fusion with an
odontoid screw methods of surgical treatment lead to
permanent and deliberate exclusion of the C1/C2 segment
or even the atlanto-occipital joint and lower segments of the
spine from motion. It is the price paid by a patient with an
odontoid fracture for protection against C1/C2 instability and
cervical myelopathy [25,26]. A direct odontoid screw is one of
surgical methods that in theory should preserve C1/C2
mobility [27–32]. Similarly, lack of negative effects on the
mobility of the C1/C2 segment should be in theory observed for
Table 11 – Comparison of physiological cervical ranges of motion according to ISOM and ranges of motion in the direct
odontoid screw group and the posterior C1/C2 fusion group.
Range of motion [CROM] Direct odontoid screw N = 31 ISOM norm P
xÅ Me Min Max sd t p
Flexion 40.2 40.0 10.0 70.0 17.0 40 0.05 0.9583
Extension 44.5 40.0 10.0 75.0 21.0 40 1.17 0.2480
Left lateral bending 27.5 25.0 10.0 60.0 15.1 45 6.47 0.0000
Right lateral bending 27.3 20.0 10.0 60.0 15.3 45 6.45 0.0000
Left axial rotation 45.0 50.0 10.0 90.0 20.9 50 1.32 0.1964
Right axial rotation 46.7 50.0 10.0 90.0 23.4 50 0.78 0.4388
Range of motion [CROM] Posterior C1/C2 fusion N = 30 ISOM norm P
xÅ Me Min Max sd t p
Flexion 33.1 30.0 5.0 70.0 17.8 40 2.12 0.0424
Extension 39.6 40.0 0.5 70.0 16.0 40 0.13 0.8920
Left lateral bending 22.8 20.0 0.0 70.0 13.5 45 8.98 0.0000
Right lateral bending 20.2 20.0 5.0 60.0 11.6 45 11.67 0.0000
Left axial rotation 32.5 30.0 5.0 60.0 14.9 50 6.42 0.0000
Right axial rotation 32.4 30.0 5.0 65.0 14.0 50 6.86 0.0000
t – result of Student's t-test, p – signiﬁcance level, maximum probability of error. xÅ– arithmetic mean of range of motion expressed in degrees.
sd – standard deviation.
Table 12 – Ranges of motion in various planes depending on the type of treatment and differences compared to the control
group.
Plane of motion Type of treatment Signiﬁcance of differences
between study groups:
direct odontoid screw
vs posterior
C1/C2 fusion
p
Mean range of
motion in degrees
xÅ
Signiﬁcance of differences
between study groups and
control group (direct
odontoid screw
vs control group
and posterior
C1/C2 fusion vs
control group)
p
Study groups Control group
Flexion Direct odontoid screw 0.1039 40.2 56.1 0.0000
Posterior C1/C2 fusion 33.1 0.0000
Extension Direct odontoid screw 0.3659 44.5 69.0 0.0000
posterior C1/C2 fusion 39.6 0.0000
Left lateral ﬂexion Direct odontoid screw 0.2563 27.5 42.9 0.0000
posterior C1/C2 fusion 22.8 0.0000
Right lateral ﬂexion Direct odontoid screw 0.0690 27.3 43.1 0.0000
posterior C1/C2 fusion 20.2 0.0000
Left rotation Direct odontoid screw 0.0166 45.0 68.3 0.0000
posterior C1/C2 fusion 32.5 0.0000
Right rotation Direct odontoid screw 0.0167 46.7 68.8 0.0000
posterior C1/C2 fusion 32.4 0.0000
p – probability level for Mann–Whitney test.
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surgical intervention but only long-term spinal immobilisa-
tion with an orthopaedic collar lasting for weeks or even
months [32]. Our studies demonstrated that a patient might
still suffer from severe limitations in mobility of the cervical
spine after selective fusion with an odontoid screw.
As the standards for ranges of motion of the cervical spine
present in the literature vary [33,34], we prepared a control
group and measured ranges of motion of the cervical spine. Itincluded 80 healthy subjects without a clinically diagnosed
cervical spine disease, with a similar age structure. A
comparison of ranges of motion of the cervical spine with
regard to the ISOM standards and control group showed
reduced mobility in the study group.
As expected, the greatest reduction of the range of motion
of the cervical spine was observed after posterior atlantoaxial
fusion. A limited range of motion was also observed after
selective fusion with an odontoid screw. We use collar
Table 13 – Correlation between the range of motion of the
cervical spine and the quality of functioning based on
NDI.
CROM range of motion Study group N = 61
NDI
R p
Flexion 0.3 0.0107
Extension 0.3 0.0233
Left lateral ﬂexion 0.4 0.0005
Right lateral ﬂexion 0.4 0.0002
Left rotation 0.4 0.0004
Right rotation 0.4 0.0008
R – corelation, p – signiﬁcance level, maximum risk probability of
an error.
n e u r o l o g i a i n e u r o c h i r u r g i a p o l s k a 5 2 ( 2 0 1 8 ) 3 3 4 – 3 4 0 339immobilisation after screw fusion in our patients until a bony
union has been observed. Long-term immobilisation with a
hard collar may lead to contractures of the ligament-bursal
structures and paraspinal muscles. It may explain limitations
in mobility of the cervical spine. Another explanation may
include a smaller or greater damage to the ligament-bursal
structures that accompanies C1/C2 dislocation. During a
healing process it may become contracted, and as a result
the C1/C2 segment mobility may be reduced. In such a case
even selective fusion of an odontoid peg and body will not
prevent limitations in mobility during a healing process.
Therefore, we state that patients after odontoid fractures
treated with methods to preserve segment mobility should
receive rehabilitation aimed to restore the maximum range of
motion of the cervical spine and head after the fracture healed.
The worst outcomes regarding head mobility were ob-
served in patients operated on from a posterior approach. The
greatest reduction was observed for axial rotation, as expected.
It is well known that even up to 40% of total head rotation with
regard to the trunk is in the antlantoaxial segment. Therefore
elimination of rotation in this segment results in global
reduction of its range [1,3].
Lateral ﬂexion is mainly a function of the middle and lower
segments of the cervical spine [3,25,26]. Therefore reduction of
mobility in this plane is not as expressed as for axial rotation.
Functional skills were also assessed in the study group. In
68.4% there were not any disorders associated with daily
functioning. 25.3% had mild problems in this aspect, 3.8%
showed moderate disability in everyday life. With regard to all
activities presented in the NDI questionnaire averaged results
for the whole group indicate mildly reduced functional skills in
16.6%. There was a weak negative correlation with functional
skills for measurements of ranges of motion in degrees for all
movements. Severe limitations in mobility of the cervical
spine are associated with higher limitations in everyday
functioning. Studies by Gilles et al. demonstrate that NDI
reduction is associated with improvement of spinal function-
ing in studied patients [35].
6. Conclusions
1. Subjects after odontoid fractures treated surgically show
statistically signiﬁcant limitations in the range of activemovements of the cervical spine compared to those without
any abnormalities in the cervical spine.
2. Type of surgery affects the range of motion of the cervical
spine after odontoid fractures.
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